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DV'HVLJQ IRU(QYLURQPHQW ')( DQG'HVLJQ IRU 6XVWDLQDELOLW\ DLP WR GHFUHDVH WKH HQYLURQPHQWDO
LPSDFW RI D SURGXFW 'HVLJQ IRU &RVW UHSUHVHQWV WKH WUDGLWLRQDO JRDO RI GHFUHDVLQJ WKH FRVWV RI D
SURGXFW+RZHYHU LW FDQ EH GLIILFXOW WR FRPELQH WKRVH DSSURDFKHV DQG GHVLJQ D VXFFHVVIXO SURGXFW
ZKLOH RQO\ IRFXVLQJ RQ LWV VXVWDLQDELOLW\ 5HIHUULQJ WR WKH GHILQLWLRQ E\ %UXQGWODQG VXVWDLQDEOH
GHYHORSPHQWLV³GHYHORSPHQWWKDWPHHWVWKHQHHGVRIWKHSUHVHQWZLWKRXWFRPSURPLVLQJWKHDELOLW\RI
IXWXUHJHQHUDWLRQVWRPHHWWKHLURZQQHHGV´8QLWHG1DWLRQV7KHSLOODUVRIVXVWDLQDELOLW\KDYH
EHHQLGHQWLILHGDVHFRQRPLFGHYHORSPHQWVRFLDOGHYHORSPHQWDQGHQYLURQPHQWDOSURWHFWLRQ8QLWHG
1DWLRQV7KHVHFRPSRQHQWVLQWHUDFWDQGDIIHFWHDFKRWKHULQDQ\UHDOZRUOGDSSOLFDWLRQ
7R DYRLG KLJKHU SULFHV UHGXFLQJ FRVWV LV RQH RI WKH PRVW LPSRUWDQW JRDOV IRU HYHU\ FRPSDQ\
7KHUHIRUH LW LV LQGLVSHQVDEOH WR UHGXFH WKH FRVW RI WKH SURGXFW LQ WKH HDUO\ VWDJHV RI SURGXFW
GHYHORSPHQW VLQFH WKH\ KLJKO\ LQIOXHQFH IXWXUH FRVWV RI WKH SURGXFW DV VHHQ LQ )LJXUH  5DZ
PDWHULDOV DQG HQHUJ\ FRVWV UHSUHVHQW RYHU  RI WKH WRWDO FRVW RI D SURGXFW )LJXUH  WKXV
RSWLPL]LQJWKHXVHRIUHVRXUFHVLVHVVHQWLDOIRUVXVWDLQDEOHJUHHQJURZWKRIDFRPSDQ\DQGUHPDLQLQJ
FRPSHWLWLYHDWWKHVDPHWLPH7RLGHQWLI\WKHHQYLURQPHQWDOLPSDFWRIGLIIHUHQWVWDJHVLQWKHOLIHRID
SURGXFW/LIH&\FOH$VVHVVPHQW/&$LVXVHG/&$LVDFRPPRQPHWKRGWRHYDOXDWHDQGUHSRUWWKH
HQYLURQPHQWDO LPSDFW RI D SURGXFW GXULQJ LWV OLIH F\FOH /&$ LV EDVHG RQ WKH ,62 
VWDQGDUGDQGSURYLGHVD IRFXVHG IUDPHZRUN IRU WKHHQYLURQPHQWDO LPSDFWHYDOXDWLRQ +DDSDODHWDO

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)LJXUH&RPSDULVRQRI2ULJLQDQG5HVSRQVLELOLW\RI&RVWV%XOOLQJHUDQG:DUVFKDW
)LJXUH6WUXFWXUHRIWKHWRWDOFRVWVLQPDQXIDFWXULQJ(XURSH,1129$
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
+RZHYHU/&$LVRIWHQFULWLFL]HGIRULWVFRPSOH[LW\DQGIUHTXHQWQHHGIRUVLPSOLILFDWLRQV+HVVHOEDFK
DQG+HUUPDQQ
7KLVSDSHUDSSOLHVGLIIHUHQWWHFKQLTXHVWRLGHQWLI\ZKHWKHUWKHUHODWLRQVKLSEHWZHHQVXVWDLQDELOLW\
DQG FRVW UHGXFWLRQ LV LQ FRQIOLFW RU LI WKHUH DUH RYHUODSSLQJ EHQHILWV )XUWKHUPRUH D FDVH VWXG\ LQ
FRRSHUDWLRQZLWK DPDQXIDFWXULQJ FRPSDQ\ GHPRQVWUDWHV WKH H[LVWHQFH RI RYHUODSSLQJ EHQHILWV DQG
VKRZVKRZWKH\FDQEHDFKLHYHGE\HOLPLQDWLQJRUUHSODFLQJHQYLURQPHQWDOO\KDUPIXOPDQXIDFWXULQJ
SURFHVVHV %\ FRPSDULQJ WKH /&$ UHVXOWV RI GLIIHUHQW GHVLJQ DOWHUQDWLYHV LPSURYHG HQYLURQPHQWDO
GHVLJQVFDQEHGHULYHGDQGILQDOO\DVVHVVHGIRUVLPXOWDQHRXVFRVWUHGXFWLRQV
 0HWKRGRORJ\
6LQFHWKHPDQXIDFWXULQJLQGXVWU\LVDPDLQFRQVXPHURIQDWXUDOUHVRXUFHVDQGPDLQSURGXFHURI
HQYLURQPHQWDOLPSDFWVH[SORULQJPRUHVXVWDLQDEOHPDQXIDFWXULQJDOWHUQDWLYHVLVRQHZD\WRGHFUHDVH
WKH HQYLURQPHQWDO LPSDFW RI D FRPSDQ\ %HIRUH D FRPSDQ\ FDQ VWDUW WR HQKDQFH WKHLU SURFHVVHV
WRZDUGVPRUHVXVWDLQDEOHPDQXIDFWXULQJLWLVQHFHVVDU\WRLGHQWLI\XQVXVWDLQDEOHPDQXIDFWXULQJVWHSV
7KHUHIRUHLWLVLPSRUWDQWWRHYDOXDWHWKHHQYLURQPHQWDOLPSDFWVRIHDFKPDQXIDFWXULQJVWHSLQRUGHUWR
GHULYH KRZ WKH\ FRQWULEXWH WR WKH HQYLURQPHQWDO LPSDFW RI WKH FRPSOHWH PDQXIDFWXULQJ SURFHVV
&RPSDULQJWKRVHPHDVXUHPHQWVZLWKGDWDIURPDFRVWDQDO\VLVKHOSV WRUHYHDOSRWHQWLDOFRVWVDYLQJV
WKDWJRDORQJZLWKVXVWDLQDEOHPDQXIDFWXULQJ7KLVDSSURDFKFRPELQHVGLIIHUHQWPHDVXUHPHQWVIRUWKH
HQYLURQPHQWDOLPSDFWDQGFRVWVDVVKRZQLQ)LJXUH$QDGGLWLRQDOJRDOLVWRVXSSRUWVPDOOWRPLG
VL]HG FRPSDQLHVE\JLYLQJ WKHPJXLGDQFHRIKRZ WR DSSURDFK/&$DQG LGHQWLI\ WKHHQYLURQPHQWDO
LPSDFWV RI FXUUHQW DQG IXWXUH VWDWHPDQXIDFWXULQJSURFHVVHV ,Q WKH ILUVW VWHS VXLWDEOH LQGLFDWRUV IRU
VXVWDLQDELOLW\KDYHWREHLGHQWLILHG
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)LJXUH6WUXFWXUHRIWKHPHWKRGRORJ\XVHGLQWKLVVWXG\
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,QWKHQH[WVWHSSULPDU\GDWDLVJDWKHUHGIURPWKHSURGXFWRIWKHFDVHVWXG\6LQFHWKHDFTXLVLWLRQ
RI HQYLURQPHQWDO LPSDFW GDWD LV RQH RI WKHPRVW FULWLFDO DQG FRVW LQWHQVLYH VWHSVZLWKLQ/&$ LW LV
LPSRUWDQWWROLPLWWKHQXPEHURIPHDVXUHPHQWVWRDIHDVLEOHOHYHO+RZHYHU LWPXVWEHHQVXUHGWKDW
WKH PHWKRGRORJ\ XVHG VWLOO OHDGV WR YLDEOH UHVXOWV DQG PDWFKHV WKH EDVLF UHTXLUHPHQWV RI /&$
DFFRUGLQJ WR ,62  ,62  /&$ LV FRQGXFWHG WR DVVHVV WKH HQYLURQPHQWDO LPSDFW RI WKH
FXUUHQW VWDWH PDQXIDFWXULQJ SURFHVVHV %DVHG RQ WKHVH UHVXOWV DOWHUQDWLYH IXWXUH VWDWH PRGHOV DUH
GHYHORSHGWRLPSURYHWKHVXVWDLQDELOLW\RIWKHSURGXFWE\GHFUHDVLQJLWVHQYLURQPHQWDOLPSDFW$IWHU
WKHPRGHOVDUHGHYHORSHGD/&$LVFRQGXFWHGIRUHDFKPRGHODQGWKHUHVXOWVDUHFRPSDUHG$QDO\]LQJ
/&$ GDWD LV YHU\ FRPSOH[ VR DSSURSULDWH VRIWZDUH LV QHFHVVDU\ WR VXSSRUW WKH DVVHVVPHQW RI
HQYLURQPHQWDOLPSDFWV
,QDGGLWLRQ WR WKHHQYLURQPHQWDODVVHVVPHQW WKHFRVWVRI WKHSURGXFWKDYH WREHDVVHVVHG,Q WKH
ILUVWVWHS WKHFRVWGDWD LVJDWKHUHG)RU WKHH[LVWLQJSURGXFWFXUUHQWVWDWHFRVWVGDWD LVDYDLODEOH7R
GHWHUPLQH FRVWV IRU DOWHUQDWLYH IXWXUH VWDWHPRGHOV WKH VXSSRUW RI&RPSXWHU$LGHG&RVW (VWLPDWLQJ
&$&( VRIWZDUH LV QHFHVVDU\ )LQDOO\ WKH UHVXOWV RI WKH HQYLURQPHQWDO DQG FRVW DVVHVVPHQW DUH
FRPSDUHGWRGHWHUPLQHWKHRYHUODSLQFRVWVDYLQJVDQGHQYLURQPHQWDOLPSDFWLPSURYHPHQW
 .H\LQGLFDWRUVIRUVXVWDLQDELOLW\DQGFRVW
6XLWDEOHLQGLFDWRUVIRUHDFKGLPHQVLRQRIVXVWDLQDELOLW\HQYLURQPHQWVRFLDODQGHFRQRP\PXVWEH
LGHQWLILHG (YHU\ GLPHQVLRQ LV GLUHFWO\ UHODWHG WR VSHFLILF LVVXHV 7KH HQYLURQPHQWDO LPSDFW LV
WUDGLWLRQDOO\WKHPRVWFUXFLDOGLPHQVLRQLQWHUPVRIVXVWDLQDELOLW\DQGLWLVWKHGLPHQVLRQGLVFXVVHGLQ
WKHPRVWGHWDLOLQWKHOLWHUDWXUH$QH[WHQVLYHOLVWRIFOXVWHUHGLQGLFDWRUVKDVEHHQLGHQWLILHGE\/XHWDO
$GGLWLRQDOO\DORWRIGLIIHUHQWWRROVDUHDYDLODEOHIRUHYDOXDWLQJHQYLURQPHQWDOVXVWDLQDELOLW\
,QJHQHUDOWKH\FDQEHGLYLGHGLQWRWZRPDLQDSSURDFKHV)LUVWQDWXUDOUHVRXUFHVZKLFKHYDOXDWHWKH
XVHRIHQHUJ\ZDWHUDQGUDZPDWHULDOVDVZHOODVWKHDPRXQWRIZDVWHWKDWLVEHLQJJHQHUDWHGGXULQJ
WKHSURGXFWLRQRIDSURGXFW6HFRQGSROOXWLRQZKLFKDVVHVVHV WKHFRQWULEXWLRQRI WKHPDQXIDFWXULQJ
SURFHVV WR FOLPDWH FKDQJH DQG JOREDOZDUPLQJ 7KH VRFLDO GLPHQVLRQ RI VXVWDLQDELOLW\ LV EHFRPLQJ
PRUHDQGPRUHLPSRUWDQWIRUWKHSXEOLFZLWKLVVXHVUHODWHGWRKHDOWKDQGVDIHW\ZRUNVDWLVIDFWLRQDQG
GHYHORSPHQWHTXDORSSRUWXQLWLHVDQGSHUVSHFWLYHV+RZHYHURQO\KHDOWKDQGVDIHW\LVW\SLFDOO\WDNHQ
LQWRDFFRXQWZLWKUHJDUGWRPDQXIDFWXULQJSURFHVVHVZKHQIRFXVLQJRQWKHVHFXULW\DQGZHOOEHLQJRI
HPSOR\HHV ZKR FRXOG EH H[SRVHG WR KD]DUGRXV PDWHULDOV DQG VXEVWDQFHV ,VVXHV UHJDUGLQJ WKH
HFRQRPLFGLPHQVLRQRIVXVWDLQDELOLW\DUHIRFXVHGRQWKHILQDQFLDOVWDELOLW\RUSURILWRI WKHHYDOXDWHG
VXEMHFW )XUWKHUPRUH HFRQRPLF VXVWDLQDELOLW\ RIWHQ LQFOXGHV LVVXHV UHODWHG WR LQYHVWPHQW DQG
H[SHQGLWXUHV RQ IXWXUH GHYHORSPHQW 0HDQZKLOH QRQH RI WKHVH LVVXHV UHODWH GLUHFWO\ WR VSHFLILF
PDQXIDFWXULQJ SURFHVVHV DQG WKHUHIRUHZLOO QRW GLUHFWO\ EH LQFOXGHG DV LQGLFDWRUV IRU VXVWDLQDELOLW\
+RZHYHU FRVWV DUH LQFOXGHG DV SDUDPHWHUV LQ WKH &$&( VLPXODWLRQ VRIWZDUH $IWHU GHILQLQJ WKH
GLIIHUHQW LVVXHV IRU HDFKGLPHQVLRQ RI VXVWDLQDELOLW\ DQG WKH JHQHUDO FULWHULD IRU LQGLFDWRUV WKH QH[W
VWHSLVWRGHILQHDQXPEHURINH\LQGLFDWRUVWKDWPHHWDOOWKHFULWHULD*HQHUDOO\WKLVUHVHDUFKDLPVWR
XVH TXDQWLWDWLYH LQGLFDWRUV VLQFH WKH\ DUH PRUH REMHFWLYH DQG OHVV ELDVHG WKDQ TXDOLWDWLYH RQHV ,W
VKRXOGDOVREHSRVVLEOH WRH[SUHVVHDFK LQGLFDWRU LQ UHODWLYH WHUPVDQGQRWRQO\ LQDEVROXWH WHUPV WR
HQVXUHWKDWPDQXIDFWXULQJVWHSVFDQEHHDVLO\FRPSDUHG7KHLGHQWLILHGNH\LQGLFDWRUVDUHVXPPDUL]HG
LQ7DEOH
$IWHU VXLWDEOH LQGLFDWRUV DUH FKRVHQ D FKDUDFWHUL]DWLRQ PHWKRG PXVW EH VHOHFWHG WR DGGUHVV
LQGLFDWRUV WR GLIIHUHQW LPSDFW FDWHJRULHV 7KH\ LQFOXGH GLIIHUHQW FKDUDFWHUL]DWLRQ IDFWRUV WKDW DUH
DSSOLHGWRFRQYHUWDQDVVLJQHGOLIHF\FOHLQYHQWRU\UHVXOWWRWKHFRPPRQXQLWRIWKHFDWHJRU\LQGLFDWRU
&KDUDFWHUL]DWLRQ PHWKRGV LQFOXGH WKH PLGSRLQW DQG HQGSRLQW PHWKRGV 7KH PLGSRLQW PHWKRG OLQNV
LQGLFDWRUV IRU ³FRPSDULVRQ RI HQYLURQPHQWDO LQWHUYHQWLRQV DW D OHYHO RI FDXVHHIIHFW FKDLQ EHWZHHQ
HPLVVLRQVUHVRXUFH FRQVXPSWLRQ WRZDUGV WKH HQGSRLQW OHYHO´ VXFK DV WKH SRWHQWLDO FRQWULEXWLRQ WR
JOREDO ZDUPLQJ 7KH HQGSRLQW PHWKRG XVHV ³DQ DVSHFW RI QDWXUDO HQYLURQPHQW KXPDQ KHDOWK RU
UHVRXUFHVLGHQWLI\LQJDQHQYLURQPHQWDOLVVXHJLYLQJFDXVHIRUFRQFHUQ´VXFKDVORVVRIELRGLYHUVLW\
DV VKRZQ LQ )LJXUH  (& -5&  7KH H[LVWHQFH RI PHWKRGV DGGUHVVLQJPLGSRLQWV DQG RWKHUV
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
DGGUHVVLQJHQGSRLQWVLVMXVWLILHGDQGLVOHJLWLPDWHJLYHQWKDWWKHFKRLFHRIPHWKRGLVLQWULFDWHO\OLQNHG
WRWKHSURGXFWRUDFWLYLW\XQGHUDVVHVVPHQW+RZHYHUIRUWKLVUHVHDUFKWKH5H&L3H0LGSRLQWDSSURDFK
LVFKRVHQ*RHGNRRSVLQFHWKLVDSSURDFKLVKLJKO\DFFHSWHGIRUVFLHQWLILFUHVHDUFKEHFDXVHRI
WKH UHODWLYHO\ ORZ XQFHUWDLQW\ )XUWKHUPRUH WKLV DSSURDFK H[SUHVVHV WKH HQYLURQPHQWDO LPSDFW LQ
UHIHUHQFHLQGLFDWRUVVXFKDVPNJ&2NJ62RU'LFKORUREHQ]HQH'&%DQGFDQEHFRPSDUHG
PRUHHDVLO\ZLWKRWKHUUHIHUHQFHV
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
$FFRUGLQJ WR WKH LQGLFDWRUV LQ7DEOH  WKH IROORZLQJ LQGLFDWRUVZHUH VHOHFWHG IURP WKH5H&L3H
0LGSRLQWDSSURDFK&OLPDWHFKDQJH*OREDO:DUPLQJ3RWHQWLDO*:3LQNJ&2HTXLYDOHQW
+XPDQ WR[LFLW\ +7 LQ NJ 'LFKORUREHQ]HQH '&% HTXLYDOHQW DQG  $FLGLILFDWLRQ SRWHQWLDO
'LPHQVLRQV 7KHPHV ,QGLFDWRUV 8QLW
(QYLURQPHQW 1DWXUDOUHVRXUFHV 0DWHULDOXVH NJ
  (QHUJ\XVH N:K
  )UHVKZDWHUFRQVXPSWLRQ P

  :DVWHJHQHUDWLRQ NJ
 3ROOXWLRQ *OREDOZDUPLQJSRWHQWLDO NJ&2
  $FLGLILFDWLRQSRWHQWLDO NJ62
 +HDOWKDQG6DIHW\ +XPDQWR[LFLW\ NJ'&%
(FRQRPLF &RVW /DERUFRVW0DWHULDOFRVW
86'ROODU
86'ROODU

)LJXUH([DPSOHRIDPLGSRLQWHQGSRLQWPRGHO
7DEOH.H\VXVWDLQDELOLW\LQGLFDWRUV
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$3$3 LQNJ62HTXLYDOHQW$OORWKHU LQGLFDWRUV VXFKDVPDWHULDOXVHZDVWHJHQHUDWLRQ
DQGHQHUJ\FRQVXPSWLRQFDQEHGHULYHGGLUHFWO\DQGGRQRWQHHGDQHTXLYDOHQW5H&L3HLQGLFDWRU
 &ROOHFW3ULPDU\'DWD
7KH FROOHFWLRQ RI SULPDU\ GDWD LV LPSRUWDQW DV LW LV WKH EDVH IRU WKH /&$ 7KH FROOHFWLRQ IURP
SULPDU\GDWDLVVKRZQE\WKHH[DPSOHRID&1&PDFKLQH7KH&1&PDFKLQHVDUHXVHGWRPDQXIDFWXUH
GLIIHUHQWFRPSRQHQWVRIWKHSURGXFWZLWKLQWKHFDVHVWXG\,QRUGHUWRDVVHVVWKHHQYLURQPHQWDOLPSDFW
RIWKHPDQXIDFWXULQJSURFHVVWKHFRQFHSWRIDXQLWRSHUDWLRQLVDSSOLHGWKDWLQGLFDWHVDFRQYHUVLRQRI
HDFKPDWHULDODQGFKHPLFDO LQSXWV LQWRD WUDQVIRUPHGPDWHULDODQGFKHPLFDORXWSXW8VLQJDQ,QSXW
2XWSXWGLDJUDPKHOSVWRWDNHDOOVLJQLILFDQWHOHPHQWVRIWKHVXVWDLQDEOHPDQXIDFWXULQJSURFHVVHVLQWR
DFFRXQW/XHWDODVVHHQLQ)LJXUH



7KH HQHUJ\ FRQVXPSWLRQ LV FDOFXODWHG EDVHG RQ WKH FRQVWDQW YROWDJH 9 DQG WKH PHDVXUHG
DPSHUDJHGXULQJWKHPDFKLQLQJSURFHVV7RPHDVXUHWKHDPSHUDJHDFODPSPHWHULVFRQQHFWHGWRRQH
SKDVHRIWKHSRZHUVXSSO\6LQFHWKHFODPSPHWHUFDQRQO\PHDVXUHWKHFXUUHQWDPSHUDJHEXWQRWVDYH
LWRYHUWKHFRPSOHWHPDQXIDFWXULQJWLPHWZRYLGHRFDPHUDVDUHXVHGWRILOPWKHGLVSOD\RIWKHFODPS
PHWHU DQG WKH PDQXIDFWXULQJ SURFHVV %\ PDWFKLQJ WKH IRRWDJH WKH HQHUJ\ FRQVXPSWLRQ RI WKH
FRPSOHWH PDQXIDFWXULQJ SURFHVV FDQ EH HVWLPDWHG 7KLV VHWXS LV XVHG WR PHDVXUH WKH HQHUJ\
FRQVXPSWLRQ IRU HYHU\ PDQXIDFWXULQJ VWHS 7KH KRXVLQJ PRXQWLQJ FRYHU DQG HFFHQWULF DUH DOO
PDQXIDFWXUHGRQWKH&1&PDFKLQH$ZKLFKLVHTXLSSHGZLWKDQDGGLWLRQDOPLVWFROOHFWRU%\XVLQJ
SRZHUSURILOHVDQHQHUJ\EUHDNGRZQFDQEHGHULYHGWKDWSRLQWRXWPDLQFRQVXPHUVLQIRUHDFKSURFHVV
'XIORXHWDO
7R PHDVXUH WKH PDWHULDO XVDJH DOO EODQN FRPSRQHQWV DUH ZHLJKHG RQ D VFDOH EHIRUH WKH\ DUH
PDFKLQHG $IWHU PDFKLQLQJ DOO FRPSRQHQWV DUH ZHLJKHG DJDLQ DQG WKH GLIIHUHQFH RI ZHLJKW LV
DFFRXQWHG DV ZDVWH ,Q WKH FDVH VWXG\ PRVW RI WKH ZDVWH LV VFUDS PHWDO 6LQFH PRVW RI WKH EODQN
FRPSRQHQWV KDYH VOLJKWO\ GLIIHUHQW ZHLJKW DQG GLPHQVLRQV IRU HDFK FRPSRQHQW ILYH VDPSOHV ZHUH
PHDVXUHGWRREWDLQDPHDQYDOXHIRUHDFKFRPSRQHQWDQGPDQXIDFWXULQJSURFHVV
7KHIOXLGLVXVHGDVDFRRODQWDQGDOVROXEULFDWHVWKHFXWWLQJVXUIDFHV,WLVGLIILFXOWWRPHDVXUHWKH
FXWWLQJ IOXLG FRQVXPSWLRQ EHFDXVH LW LV FRQVWDQWO\ UHF\FOHG ZLWKLQ WKH &1& PDFKLQH XQWLO WKH
SURSHUWLHV RI WKH IOXLG EHFRPH LQDGHTXDWH0RUHRYHU GXH WR RWKHU ORVVHV VXFK DV HYDSRUDWLRQ DQG
VSLOODJH WKH FXWWLQJ IOXLG KDV WR EH UHSOHQLVKHG RQ D UHJXODU EDVLV 7R HVWLPDWH WKH FXWWLQJ IOXLG
FRQVXPSWLRQDQDSSURDFKE\&ODUHQVHWDOZDVFKRVHQ,WLVDVVXPHGWKDWWKHQXPEHURISDUWV
SURGXFHGSHUXQLWWLPHZLOOQRWYDU\GHSHQGLQJRQWKHFXWWLQJIOXLGUHSODFHPHQW,QWKLVDSSURDFKWKH
PDFKLQLQJ WLPH DVVRFLDWHGZLWK RQH \HDU RIPDQXIDFWXULQJ LV EDVHG RQ D VFKHGXOH RI  KRXUV RI
PDFKLQLQJSHUZHHN7KH&1&PDFKLQHXVHGLQWKLVVWXG\ZDVHTXLSSHGZLWKD/JDOORQWDQN
WRSURYLGHFXWWLQJIOXLGWRWKHFXWWLQJ]RQH7KH/PDFKLQHLVUHF\FOHGZLWKLQWKHSURFHVVXQWLOLWLV
GLVSRVHGRIDIWHUWZRZHHNV$VVXPLQJFXWWLQJIOXLGLVXVHGKUZHHNVWKHQWKHFXWWLQJIOXLGORVV
LV/SHUPLQXWHZKLFKLV/PLQRUDERXWJPLQDVWKHHIIHFWLYHORVVRIFXWWLQJ
IOXLGGXHWRGHJUDGDWLRQ&ODUHQVHWDO7KLVDSSURDFKLVXVHGIRUWKLVFDVHVWXG\DQGWKHYDOXHV
DUH DGMXVWHG DFFRUGLQJ WR WKH SURFHVV SDUDPHWHUV RI WKH FXWWLQJ IOXLG DQG WKH W\SLFDO RSHUDWLQJ
SURFHGXUHVDWWKHFRPSDQ\
)LJXUH*HQHUDO,QSXW2XWSXWGLDJUDPIRU&1&PDFKLQLQJ
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
7KHSURGXFWLVSDLQWHGZLWKDSDLQWVSUD\JXQZKLFKXVHVFRPSUHVVHGDLUWRVSUHDGWKHODFTXHURQ
WKH FRPSRQHQW 7R FDOFXODWH WKH DPRXQW RI ODFTXHU WKDW LV XVHG IRU RQH SURFHVV XQLW WKH SDLQW MDU
DWWDFKHGWRWKHSDLQWJXQLVILOOHGXSZLWKSDLQWDQGWKHZHLJKWLVPHDVXUHGRQDVFDOHWKHQWKHSURGXFW
LV SDLQWHG DQG DIWHU WKDW WKH MDU LV ZHLJKHG DJDLQ ,Q RUGHU WR DYRLG LQDFFXUDFLHV WKLV SURFHVV LV
UHSHDWHGILYHWLPHVDQGDQDYHUDJHFRQVXPSWLRQLVFDOFXODWHG
 &DVH6WXG\
7KH PDQXIDFWXUHU RI WKH SURGXFW XQGHU FRQVLGHUDWLRQ KDV EHHQ LQ EXVLQHVV IRU RYHU  \HDUV
'HSHQGLQJRQ WKHHQYLURQPHQWGLIIHUHQW ,QGXVWULDO(TXLSPHQW8QLWV ,(8DUHSURGXFHG7KHPDLQ
FRPSRQHQWVRI WKH ,(8FRQVLVWRI WKHKRXVLQJHFFHQWULFPRXQWLQJFRYHUPRWRUDVVHPEO\DQGGXVW
FRYHU%HVLGHVWKRVHPDLQFRPSRQHQWV WKHUHDUHGLIIHUHQWRWKHUVPDOOHUFRPSRQHQWV WKDWDUHQHHGHG
IRUWKHDVVHPEO\1RWDOOFRPSRQHQWVDUHPDQXIDFWXUHGGLUHFWO\LQWKHFRPSDQ\LWVHOI$ORWRIWKHP
DUH SURGXFHG DV EODQNV E\ D YHQGRU DQG DUH SURFHVVHG IXUWKHU DW WKH PDQXIDFWXUHU $IWHU DOO
FRPSRQHQWVDUHSURGXFHGE\YHQGRUVWKH\UXQWKURXJKGLIIHUHQWPDFKLQLQJSURFHVVHVIROORZHGE\DQ
DVVHPEO\SURFHVV$IWHUWKHSURGXFWLVDVVHPEOHGFRPSOHWHO\LWLVSDLQWHGDQGILQLVKHGVHH)LJXUH
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 *RDODQG6FRSH'HILQLWLRQ
,QWKDWSURFHVVGDWDIRUWKHFXUUHQWVWDWHKDVWREHFROOHFWHGHYDOXDWHGDQGYLVXDOL]HG,QDGGLWLRQ
WKHPRGHOFDQEHXVHGWRFUHDWHIXWXUHVWDWHPDQXIDFWXULQJSURFHVVHVDQGKHOSWRRSWLPL]HWKHFXUUHQW
SURFHVVHV7KUHHPRGHOVDUHFRQVWUXFWHG7KHILUVWPRGHOVKRZVWKHFXUUHQWVWDWHRIWKHPDQXIDFWXULQJ
SURFHVV7KHVHFRQGPRGHOLVDQLPSURYHGIXWXUHVWDWHSURFHVVZLWKORZHUHQYLURQPHQWDOLPSDFWDQG
SRWHQWLDOFRVWVDYLQJV7KHUHVXOWVRIERWKPRGHOVDUHFRPSDUHGWRGHWHUPLQHWKHLQWHQVLW\RIUHGXFWLRQ
RIHQYLURQPHQWDOLPSDFWVGXHWRWKHSURSRVHGSURFHVVDQGRUSURGXFW7KHIXQFWLRQDOXQLWLVGHILQHGDV
WKH PDQXIDFWXULQJ RI RQH ,(8 LQFOXGLQJ DOO PDLQ SDUWV :LWK WKLV GHILQLWLRQ WKH PDQXIDFWXULQJ
SURFHVV FDQ EH FRPSDUHG WR RWKHUPDQXIDFWXULQJ SURFHVVHV RU RSWLPL]DWLRQV RI WKH FXUUHQW SURFHVV
)LJXUH6LPSOLILHGPDQXIDFWXULQJSURFHVVRIDQ,(8
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6\VWHPERXQGDULHVLQFOXGHVHYHUDODVSHFWV7KHDVVHVVPHQWGRHVQRWLQFOXGHWKHZKROHOLIHF\FOHRIWKH
SURGXFW 7KH ILUVW PRGHO LQFOXGHV WKH FXUUHQW PDQXIDFWXULQJ SURFHVVHV RI WKH SURGXFW ZLWKLQ WKH
FRPSDQ\DQGDOOXSVWUHDPSURFHVVHVVXFKDVUDZPDWHULDOH[WUDFWLRQDQGSURGXFWLRQRIEODQNSDUWV$OO
GRZQVWUHDPSURFHVVHVVXFKDVILQLVKLQJVKLSSLQJDQGXVDJHDUHH[FOXGHGVHH)LJXUH
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 ,QYHQWRU\$QDO\VLV
7KH LQSXW PDWHULDOV IRU WKLV PDFKLQH DUH EODQN KRXVLQJV EODQN PRXQWLQJ FRYHUV ERWK FDVWHG
DOXPLQXP DQGEODQNHFFHQWULFV FDVWHG LURQ%HIRUH WKRVHSUHFDVWHGSDUWV FDQEH DVVHPEOHG WKH\
KDYHWREHPDFKLQHGWRPHHWUHTXLUHGWROHUDQFHV7KHUHIRUHGLIIHUHQWFXWWLQJWRROVFXWWLQJIOXLGDQG
HQHUJ\DUHQHHGHG7KHF\FOHWLPHWRPDFKLQHRQHHFFHQWULFLVPLQDQGUHTXLUHV:K$VLW
FDQEHHQVHHQLQ)LJXUHWKHKLJKHVWHQHUJ\GHPDQGZDVPHDVXUHGDWZLWKDYDOXHRI:
&RPSDULQJWKHHQHUJ\SURILOHRIWKHHFFHQWULFZLWKWKHKRXVLQJDQGWKHPRXQWLQJFRYHUWKHDQDO\VLV
VKRZVWKDWWKHDYHUDJHHQHUJ\GHPDQGIRUWKHHFFHQWULFLVKLJKHUVHH)LJXUH2QHUHDVRQIRUWKLV
PLJKWEHWKDWWKHHFFHQWULFLVPDGHRIFDVWHGLURQZKLOHWKHPRXQWLQJFRYHUDQGKRXVLQJDUHPDGHRI
FDVWHG DOXPLQXP ZKLFK LV VRIWHU WKDQ LURQ DQG WKHUHIRUH UHTXLUHV OHVV HQHUJ\ 7KH UHVXOWV RI DOO
FROOHFWHGGDWDDUHSUHVHQWHGLQ7DEOH
$IWHUDOOSDUWVDUHPDQXIDFWXUHGDQGWKH,(8LVDVVHPEOHGLWLVSDLQWHG7KHSDLQWXVHGLVDJORVV
PHWDO ODFTXHUZKRVHPDLQ LQJUHGLHQWV DUH WROXHQH LVRSURS\O DOFRKRO DQGPHWK\O HWK\ONHWRQH7KH
,(8 LV SDLQWHG ZLWK D SDLQW VSUD\ JXQ ZKLFK XVHV FRPSUHVVHG DLU WR VSUHDG WKH ODFTXHU RQ WKH
FRPSRQHQW$QDYHUDJHRIJRISDLQWLVXVHGWRSDLQWRQH,(8
 ,PSOHPHQWDWLRQRIWKH'DWDLQWR/&$6RIWZDUH
$IWHUWKHIXQFWLRQDOXQLWDQGWKHERXQGDULHVDUHH[SODLQHGDQGWKHQHFHVVDU\GDWDLVFROOHFWHGLQ
WKHQH[WVWHSD/&$PRGHORIWKH,(8PDQXIDFWXULQJSURFHVVLVGHYHORSHG7KLVPRGHOLVGHYHORSHGLQ
)LJXUH6\VWHPERXQGDULHVRIWKHDQDO\]HGSURGXFW
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
WKHVRIWZDUH8PEHUWR1;7/&$,QWKLVDVVHVVPHQWWKUHHGLIIHUHQWPRGHOVDUHEXLOW7KHILUVWPRGHO
VLPXODWHVWKHFXUUHQWVWDWHRIWKHPDQXIDFWXULQJSURFHVV,WZDVDVVXPHGWKDW,(8DUHSURGXFHG
HYHU\\HDU7KHVHFRQGDQGWKLUGPRGHOVUHSUHVHQWSRVVLEOHIXWXUHVWDWHVRIWKHPDQXIDFWXULQJSURFHVV
7KH\ DUHGHYHORSHGEDVHGRQ WKH UHVXOWV RI WKH FXUUHQW VWDWH/&$7RJRDO LV WR UHGXFH WKH RYHUDOO
HQYLURQPHQWDOLPSDFWE\UHSODFLQJPDQXIDFWXULQJSURFHVVHVZKLFKKDYHKLJKHQYLURQPHQWDOLPSDFWV
RU PRGLI\LQJ WKHP WR UHGXFH WKHLU LPSDFW :LWKLQ WKH PRGHOV GLIIHUHQW FKDQJHV UHJDUGLQJ VLQJOH
PDQXIDFWXULQJSURFHVVHVDUHFRQGXFWHG7KHVHFKDQJHVDUHDOOWKHRUHWLFDODQGEDVHGRQRWKHUUHVHDUFK
+RZHYHU LW LV QRW ZLWKLQ WKH VFRSH RI WKLV UHVHDUFK WR SHUIRUP WKHVH FKDQJHV LQ WKH DFWXDO
PDQXIDFWXULQJV\VWHP7KHILUVWPRGHOLVEDVHGRQWKHFXUUHQWVWDWHRISURGXFWLRQDQGFDQEHGLYLGHG
LQWRWKHSKDVHVUDZPDWHULDOPDQXIDFWXUHDQGGLVWULEXWLRQUHWDLO+RZHYHUWKHIRFXVRIWKH/&$LV
RQWKHPDQXIDFWXULQJSKDVHDQGWKHXSVWUHDPSURFHVVHV,QWKHILUVWSKDVHDOOUDZPDWHULDOSURFHVVHV
)LJXUH(QHUJ\FRQVXPSWLRQDQGGHPDQGIRUHFFHQWULFRQ&1&$
7DEOH &ROOHFWHGGDWDIRU&1&PDFKLQHV
&RPSRQHQW
&\FOH
WLPH
LQPLQ
(QHUJ\
FRQVXPSWLRQLQ
:K
3URGXFHG
6FUDSLQJ
8VHGFXWWLQJ
IOXLGLQ/
+RXVLQJ    
+RXVLQJ    
0RXQWLQJ&RYHU    
(FFHQWULF    
6KDIW    
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VXFK DV DOXPLQXP FDVWLQJ LURQ FDVWLQJ VWHHO SURGXFWLRQ DQG LQMHFWLRQ PROGLQJ WDNH SODFH (DFK
SURFHVVQHHGVGLIIHUHQW LQSXWVDQGRXWSXWV7KHSUHFRQILJXUHGSURFHVVHVIURPWKHGDWDEDVHDUHXVHG
VLQFHLWLVEH\RQGUHDVRQDEOHHIIRUWVWRJDWKHUSULPDU\GDWD7KHEODQNFDVWLQJVXVHGLQWKLVFDVHVWXG\
IRUH[DPSOHZHUHSURGXFHGLQDIRXQGU\LQ&KLQD
7KH VHFRQG PRGHO UHSUHVHQWV DQ RSWLPL]HG YHUVLRQ RI WKH ,(8 PDQXIDFWXULQJ SURFHVV ,Q WKH
RSWLPL]HG PRGHO DOO PDFKLQLQJ SURFHVVHV XVH FRFRQXW RLO EDVHG PHWDOZRUNLQJ IOXLG LQVWHDG RI
FRQYHQWLRQDOPLQHUDOEDVHGPHWDOZRUNLQJIOXLG7KHIOXLGZDVPRGHOHGDFFRUGLQJWRWKHUHVXOWVRIWKH
UHVHDUFKRI3HUHUDHWDO ZKLFKFRQWDLQVZDWHUFRFRQXWRLO DQGHPXOVLILHU
ZKLFKDUHFODVVLILHGDVQRQWR[LF)RUWKHPRGHOLWLVDVVXPHGWKDWWKHVDPHDPRXQWRIIOXLGLVQHHGHG
IRUWKHPDFKLQLQJSURFHVVHVDVEHIRUH)XUWKHUPRUHLWLVDVVXPHGWKDWWKHFKDQJHRIWKHIOXLGGRHVQRW
FKDQJHWKHUHTXLUHGHQHUJ\FRQVXPSWLRQGXULQJWKHPDFKLQLQJSURFHVVDQGLVDVGXUDEOHDVWKHPLQHUDO
EDVHGPHWDOZRUNLQJIOXLG7KRVHDVVXPSWLRQVDUHMXVWLILHGEDVHGRQWKHUHVXOWVRI/DZDOHWDO,Q
DGGLWLRQWKHFXUUHQWSDLQWLQJSURFHVVZDVUHSODFHGE\DJHQHULFSRZGHUFRDWLQJSURFHVV
7KHWKLUGPRGHOLVEDVHGRQWKHFXUUHQWVWDWHPRGHOEXWGRHVQRWXVHDQ\W\SHRIVXUIDFHILQLVK
VXFKDVODFTXHURUSRZGHUFRDWLQJ7KLVSURSRVHGGHVLJQFKDQJHLVUHDVRQDEOHVLQFHWKHKRXVLQJDQG
DOORWKHUSDUWVWKDWSURWHFWWKHLQVLGHRIWKH,(8DUHPDGHRIDOXPLQXPDQGWKHUHIRUHDUHDOUHDG\UXVW
UHVLVWDQW+RZHYHUWKHUHFRXOGEHRWKHUSRVLWLYHRUQHJDWLYHHIIHFWVWRWKHIXQFWLRQDOLW\RIWKHSURGXFW
LI WKH VXUIDFHV DUH OHIW HQWLUHO\ XQFRDWHG )RU H[DPSOH WKH ORQJWHUP SURGXFW GXUDELOLW\ FRXOG EH
DIIHFWHG)URPDPDUNHWLQJSHUVSHFWLYHVRPHEUDQGUHFRJQLWLRQFRXOGEHORVWLIWKHFRPSDQ\GRHVQRW
XVHLWVVLJQDWXUHSDLQWFRORURQDOORXWHUFRPSRQHQWV$OWHUQDWLYHO\WKHFRPSDQ\FRXOGFDSLWDOL]HRQ
WKHSURGXFWGHVLJQFKDQJHE\SURPRWLQJD³QHZHQYLURQPHQWDOO\IULHQGO\´XQFRDWHGDOWHUQDWLYHWKDW
ORZHUVFRVWVIRUFXVWRPHUVDQGSURPRWHVWKHLULQWHUHVWLQHQYLURQPHQWDOVXVWDLQDELOLW\$OWKRXJKWKHUH
LVJHQHULFGDWDDYDLODEOHIRUSDLQWVDQGPHWDOZRUNLQJIOXLGLQWKHGDWDEDVHQHZPDWHULDOVEDVHGRQ
WKHOLVWRILQJUHGLHQWVZHUHFUHDWHG7KLVHQVXUHVPRUHUHOLDEOHUHVXOWVVLQFHERWKIOXLGVFRQWDLQYHU\
VSHFLILF W\SHV RI FKHPLFDOV WKDW PLJKW GLIIHU IURP WKH JHQHULF GDWD DQG DV D UHVXOW KDYH GLIIHUHQW
HQYLURQPHQWDO LPSDFWV 7KH HOHFWULFLW\ LV VHQW E\ WKH SURFHVV 0DUNHW IRU HOHFWULFLW\ RI (DVW 1RUWK
$PHULFD7KLVGDWDVHWGHVFULEHVWKHHOHFWULFLW\DYDLODEOHRQWKHPHGLXPYROWDJHOHYHOLQWKLVUHJLRQDO
HQWLW\RIWKH1RUWK$PHULFDQ(OHFWULF5HOLDELOLW\&RUSRUDWLRQ1(5&
 /&$5HVXOWV
$V VKRZQ LQ )LJXUH  RYHU  RI WKH HQYLURQPHQWDO LPSDFW LV GRQH GXULQJ WKH 5DZPDWHULDO
SKDVHRIWKH/&$DQDO\VLV'XULQJWKLVSKDVHWKHPDWHULDOLVH[WUDFWHGDQGWKHEODQNFRPSRQHQWVDUH
SURGXFHGIRUWKHKRXVLQJPRXQWLQJFRYHUGXVWFRYHUDQGVKDIW+RZHYHUWKHUDZPDWHULDOSKDVHFDQ
KDUGO\EHLQIOXHQFHGE\WKHPDQXIDFWXUHURI,(8
7KHPDQXIDFWXULQJSKDVHLVUHVSRQVLEOHIRUDERXWHLJKWSHUFHQWRIWKHWRWDOHQYLURQPHQWDOLPSDFW
ZLWKLQWKHVFRSHRIWKLVVWXG\$OOPDQXIDFWXULQJVWHSVDUHSHUIRUPHGGLUHFWO\LQWKHFRPSDQ\VRWKH\
DUH HDVLHU WR LQIOXHQFH DQG FKDQJH ,Q WKH QH[W VWHS WKH UHVXOWV IURP WKH PDQXIDFWXULQJ SKDVH DUH
SUHVHQWHGVHH7DEOH7KHUHIRUHHYHU\PDQXIDFWXULQJVWHSZLOOEHDQDO\]HG%\FKDQJLQJWKHPHWDO
ZRUNLQJ IOXLG WR D FRFRQXWRLO EDVHG FXWWLQJ IOXLG DQG XVLQJ SRZGHU FRDWLQJ LQVWHDG RI ODFTXHU WKH
HQYLURQPHQWDOLPSDFWFDQEHGHFUHDVHGVLJQLILFDQWO\VHH)LJXUH
'XH WR WKH FKDQJH RI PHWDO ZRUNLQJ IOXLG  NJ RI &2HTXLYDOHQW HPLVVLRQV FDQ EH
DYRLGHGZKLFKLVRI WKHUHOHDVHGHPLVVLRQVGXHWR WKHPHWDOZRUNLQJIOXLGXVHGFXUUHQWO\7KH
KXPDQWR[LFLW\FDQEHGHFUHDVHGE\,QDGGLWLRQWKHDFLGLILFDWLRQSRWHQWLDOFDQEHGHFUHDVHGE\
 DV ZHOO %\ XVLQJ SRZGHU FRDWLQJ WKH JOREDO ZDUPLQJ SRWHQWLDO FDQ EH GHFUHDVHG E\ 
)XUWKHUPRUH WKH KXPDQ WR[LFLW\ FDQ EH GHFUHDVHG  ZKLOH WKH DFLGLILFDWLRQ SRWHQWLDO FDQ EH
GHFUHDVHGE\VHH)LJXUH
0RGHOLVEDVHGRQWKHFXUUHQWVWDWHPRGHOEXWGRHVQRWLQFOXGHWKHSDLQWLQJSURFHVV7KHUHIRUH
WKH LPSDFWV GXULQJ WKH UDZ PDWHULDO SKDVH DUH WKH VDPH DV LQ 0RGHO  ,Q 7DEOH  WKH SRWHQWLDO
LPSURYHPHQWIRUPRGHOLVVKRZQ&RPSDUHGWR0RGHONJRI&2HTXLYDOHQWNJRI
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
62HTXLYDOHQWDQGNJRI'&%HTXLYDOHQWFDQEHVDYHG1RWSDLQWLQJWKHFRPSRQHQWVDWDOO
ZRXOGOHDGWR]HURYDOXHVIRUHDFKRIWKHVHLQGLFDWRUV



,QGLFDWRU 5DZ0DWHULDO 0DQXIDFWXUH
*:3LQNJ&2(T  
+7LQNJ62(T  
$3LQNJ'&%(T  


)LJXUH&RPSDULVRQEHWZHHQGLIIHUHQW/&$SKDVHV

7DEOH2YHUDOO/&$UHVXOWVRIFXUUHQWVWDWHPRGHO
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
)LJXUH3HUFHQWLPSURYHPHQWH[SHFWHGIURPSURFHVVFKDQJHV


7DEOH3RWHQWLDOLPSURYHPHQWVLQWKHPDQXIDFWXULQJSKDVHRI0RGHO
 *:3LQNJ&2(T
+7LQNJ
62(T
$3LQNJ
'&%(T
0HWDOZRUNLQJIOXLG   
0HWDOZRUNLQJIOXLG
FRFRQXWRLO   
,PSURYHPHQW6DYLQJV   
3DLQW   
3RZGHUFRDW   
,PSURYHPHQW6DYLQJV   


2YHUDOOWKHHIIHFWRIWKHRSWLPL]DWLRQRIPRGHODQGDUHVPDOOHUWKDQH[SHFWHG7KHDQDO\VLVRI
WKHPRGHOVZLWK WKHPLGSRLQW DSSURDFK VKRZHG WKDWRQO\RI WKHHQYLURQPHQWDO LPSDFW LVGRQH
GXULQJWKH0DQXIDFWXUHSKDVH7KLVHQYLURQPHQWDOLPSDFWZDVUHGXFHGVLJQLILFDQWO\E\FKDQJLQJWKH
PHWDOZRUNLQJIOXLGDQGWKHSDLQWRIWKH,(87KHHPLVVLRQVWKDWFDXVHJOREDOZDUPLQJZHUHUHGXFHG
E\  WKH KXPDQ WR[LFLW\ ZDV UHGXFHG E\  DQG WKH DFLGLILFDWLRQ ZDV UHGXFHG E\ 7KLV
UHGXFWLRQRILPSDFWVLVVPDOOFRPSDUHGWRWKHRYHUDOOHQYLURQPHQWDOLPSDFWDQGUHVXOWVLQWRDQRYHUDOO
UHGXFWLRQ RI HPLVVLRQV RI  )XUWKHU UHVHDUFK VKRXOG FRQFHQWUDWH RQ GHWHUPLQLQJ PRUH HIIHFWLYH
RSWLRQV LQDOO OLIHF\FOHSKDVHV7KHUHIRUH WZRDGGLWLRQDOPRGHOVDUHGHYHORSHGZKLFK IRFXVRQ WKH
UDZPDWHULDOSKDVHRIWKH,(8
,Q DGGLWLRQ WR WKH WKUHH IXWXUH VWDWHPRGHOV DERYH WZR RWKHUPRGHOV DUH GHYHORSHG0RGHO  LV
EDVHGRQWKHDVVXPSWLRQWKDWWKHKRXVLQJDQGPRXQWLQJFRYHULVPDGHRISODVWLF0RGHOIRFXVHVRQ
UHGXFLQJWKHLPSDFWWKDWLVFDXVHGE\WKHUDZPDWHULDOSKDVHRIWKHSURGXFWLRQV\VWHPZKLFKKDVQRW
EHHQLQFOXGHGLQWKHHDUOLHUIXWXUHVWDWHPRGHOV7KLVLVLPSRUWDQWEHFDXVHWKHSURGXFWLRQRIWKHEODQN
DOXPLQXP FDVWLQJV WKDW DUH XVHG IRU WKH KRXVLQJ DQG WKHPRXQWLQJ FRYHU KDYH D KLJK LPSDFW 7KH
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
SURFHVVHV FRXOG EH RSWLPL]HG LQ D QHZ PRGHO EXW LQ UHDOLW\ WKH PDQXIDFWXUHU RI WKH ,(8 KDV QR
LQIOXHQFH RQ WKH H[WHUQDO SURFHVVHV +RZHYHU LW PLJKW EH SRVVLEOH WR FKDQJH WKH PDWHULDO IURP
DOXPLQXP WR LURQ FDVWLQJ RU HYHQ SODVWLF ZKLFK ZRXOG VLJQLILFDQWO\ GHFUHDVH WKH HQYLURQPHQWDO
LPSDFWEXWZKLFKZRXOG UHTXLUH DGGLWLRQDO DQDO\VLV DQGSRWHQWLDOGHVLJQFKDQJHV WR HQVXUHSURGXFW
IXQFWLRQDOLW\ )XUWKHUPRUH LW ZDV DVVXPHG WKDW WKH DPRXQW RI PDWHULDO XVHG ZLOO QRW FKDQJH $Q
RYHUYLHZRIWKHLPSDFWEDVHGRQJHQHULFGDWDDUHJLYHQLQ)LJXUHDQG7DEOH$VDUHVXOWRIWKH
FKDQJHVLQLQPRGHOWKHRYHUDOO*:3FRXOGEHGHFUHDVHGE\DERXWWKH+7E\DQG
WKH$3E\
 &RVWSHUVSHFWLYH
7KHFRVWVDUHGHULYHGGLUHFWO\IURPWKHPDQXIDFWXUHURI WKH,(8RUDUHHVWLPDWHGEDVHGRQRWKHU
FDVHVWXGLHV7KHW\SHRISDLQWWKDWLVXVHGLQWKHFXUUHQWVWDWHPRGHOLVSULFHGZLWKSHU/
*DOORQ7KHF\FOH WLPHRI WKHSDLQWLQJSURFHVVZDVPHDVXUHGZLWKV7KLV OHDGV WR FRVWV IRU
SDLQWLQJRQH ,(8XQLWRI LQFOXGLQJPDWHULDOFRVWVDQG ODERU7RFDOFXODWH WKHFRVW IRUSRZGHU
FRDWLQJ D3ULRUL VRIWZDUHZDV XVHG WR HVWLPDWH WKH FRVWV7KLV HVWLPDWH GRHV QRW LQFOXGH LQYHVWPHQW
FRVWVIRUQHZPDFKLQHU\$FFRUGLQJWRD3ULRULWKHF\FOHWLPHIRUSRZGHUFRDWLQJRQH,(8LVVDQG
WKHPDWHULDOFRVWVFDQEHHVWLPDWHGDW7KLVOHDGVWRSHU,(8LQFOXGLQJODERUDQGPDWHULDO
ZKLFKPHDQVSRWHQWLDO VDYLQJRISHU ,(8&RPSDULQJ0RGHOZKLFKXVHV QR W\SHRISDLQW
ZLWK0RGHOKDVWKHKLJKHVWVDYLQJSRWHQWLDORIVHH7DEOH
7KH RSWLPL]DWLRQ RI PRGHO  DQG  QRW RQO\ UHGXFH WKH HQYLURQPHQWDO LPSDFW GXULQJ WKH
PDQXIDFWXULQJSKDVHWKHDOVROHDGWRFRVWVDYLQJVIRUWKHPDQXIDFWXUHU,IWKHVHFKDQJHVDUHDSSOLHGWR









)LJXUH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
7DEOH&RPSDULVRQRILPSDFWEHWZHHQ0RGHODQG0RGHO
0RGHO *:3LQNJ&2(T
+7LQNJ
62(T
$3LQNJ
'&%(T
0RGHO   
0RGHO   
5HGXFHG,PSDFW   


7DEOH3RWHQWLDOLPSURYHPHQWVLQWKHPDQXIDFWXULQJSKDVHRI0RGHO
 *:3LQNJ&2(T
+7LQNJ
62(T
$3LQNJ
'&%(T &RVWLQ
0HWDOZRUNLQJIOXLG    
0HWDOZRUNLQJIOXLGFRFRQXWRLO    
,PSURYHPHQW6DYLQJV    
3DLQW    
3RZGHUFRDW    
1R3DLQW    
,PSURYHPHQW6DYLQJV    


WKH FXUUHQW SURGXFWLRQ V\VWHP WKH HQYLURQPHQWDO LPSDFW FDQ EH UHGXFHG E\  RI WKH RYHUDOO
HPLVVLRQVDQGVDYHDERXWSHUSURGXFHG,(87KHPHWDOZRUNLQJIOXLGXVHGLQWKHFXUUHQWVWDWH
PRGHOLVSURGXFHGE\&DVWURODQGLVSULFHGZLWKDQGLVDYDLODEOHLQGUXPVRI/*DOORQV
7KHFRVWVSHUOLWHURIVSHQGPHWDOZRUNLQJIOXLGLV+RZHYHUWKLVGRHVQRWLQFOXGHWKHFRVWVWKDW
DUH DVVRFLDWHG ZLWK WKH GLVSRVDO RI WKH FXWWLQJ IOXLG 7R FRPSDUH LW ZLWK WKH FRFRQXWRLO EDVHG
PHWDOZRUNLQJIOXLGWKHFRVWKDVWREHHVWLPDWHG7KHPHWDOZRUNLQJIOXLGFRQWDLQVRIFRFRQXWRLO
RI6SDQHPXOVLILHUDQGRIZDWHU3HUHUD7KH&RFRQXWRLOLVHVWLPDWHGZLWK
SHUGUXPRI/7KHSULFHIRUWKHHPXOVLILHULVHVWLPDWHGZLWKSHUGUXPRI/7KHFRVWIRU
WKHXVHGZDWHULVQHJOLJLEOH%DVHGRQWKLVHVWLPDWHVWKHFRVWSHURQHOLWHURIFRFRQXWRLOEDVHGPHWDO
IOXLGLV
7DEOHFRPSDUHVWKHWZRPHWDOZRUNLQJIOXLGVRQDSHUSDUWEDVLV%\UHSODFLQJWKHPHWDOZRUNLQJ
IOXLGDERXWFDQEHVDYHGSHUSDUW)RUWKHDQQXDOSURGXFWLRQRI,(8WKLVPHDQVSRWHQWLDO
VDYLQJVRI






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
7DEOH3RWHQWLDOLPSURYHPHQWVLQWKHPDQXIDFWXULQJSKDVHRI0RGHO
&RPSRQHQW 0DFKLQH
&\FOH
7LPHLQ
PLQ
8VHGPHWDO
ZRUNLQJ
IOXLGLQ/
&RVWVIRU
FXUUHQW
IOXLGLQ
&RVWVIRU
FRFRQXWRLO
EDVHGIOXLG
LQ
6DYLQJVLQ

+RXVLQJ &1&$     
+RXVLQJ &1&&     
0RXQWLQJ
&RYHU &1&$     
(FFHQWULF &1&$     
6KDIW &1&%     
 6XPPDU\	&RQFOXVLRQ
6XVWDLQDELOLW\DVVHVVPHQWVLQFOXGLQJFRVWVDUHVWLOOUDUHDQGDUHQRWFRQVLGHUHGVXIILFLHQWO\%HVLGHV
WKH DVSHFW RI LQFUHDVLQJ VXVWDLQDELOLW\ LQ PDQXIDFWXULQJ WKLV VWXG\ DOVR FRPSDUHG LPSURYHG
VXVWDLQDELOLW\ZLWK LWV HIIHFWVRQ WKHFRVWVRIPDQXIDFWXULQJ7KHPHWKRGRORJ\XVHG LQ WKLV UHVHDUFK
LQFOXGHV LQGLFDWRUVDFFRUGLQJ WR WKH WKUHHGLPHQVLRQVRIVXVWDLQDELOLW\7KHSURGXFWDQDO\]HG LQ WKLV
FDVHVWXG\ZDVDQ,QGXVWULDO(TXLSPHQW8QLWIURPDORFDOPDQXIDFWXUHU$IWHU WKHPDLQFRPSRQHQWV
DQGWKHPDQXIDFWXULQJSURFHVVRIWKH,(8ZHUHH[SODLQHGD/&$RIWKHFXUUHQWVWDWHZDVSHUIRUPHG
$VSDUWRIWKH/&$SULPDU\GDWDVXFKDVHQHUJ\FRQVXPSWLRQVFUDSSURGXFWLRQDQGZDVWHJHQHUDWLRQ
ZHUHFROOHFWHG
7KHVFRSHRIWKH/&$ZDVWRHYDOXDWHWKHHQYLURQPHQWDOLPSDFWRIPDQXIDFWXULQJSURFHVVHVDQGWR
LGHQWLI\ WKHELJJHVWFRQWULEXWRUV WRHPLVVLRQV7KHUHIRUH WKHVRIWZDUH8PEHUWR1;7/&$ZDVXVHG
ZLWKWKH5H&L3HPLGSRLQWPHWKRG7ZRW\SHVRIPRGHOVZHUHGHYHORSHGEDVHGRQWKHFROOHFWHGGDWD
7KH ILUVWPRGHO SUHVHQWV WKH FXUUHQW VWDWH RI WKH V\VWHPZKLOH WKH RWKHU W\SHV RIPRGHOV VLPXODWHG
RSWLPL]HG IXWXUH VWDWH YHUVLRQV ,Q RQH RI WKH IXWXUH VWDWHPRGHOV WKHPLQHUDO EDVHGPHWDOZRUNLQJ
IOXLGLVUHSODFHGE\DFRFRQXWRLOEDVHGIOXLG,QDQRWKHUWKHSDLQWLQJSURFHVVLVUHSODFHGE\HLWKHUD
SRZGHUFRDWLQJSURFHVVRUE\DQXQFRDWHGRSWLRQ7KH/&$VKRZHGWKDWWKHJUHDWHVWLPSDFWVDUHGXH
WRWKHSURGXFWLRQRIEODQNDOXPLQXPFDVWLQJZKLFKLVDQH[WHUQDOSURFHVVLQWKHUDZPDWHULDOSKDVH
DQG QRW XQGHU WKH LQIOXHQFH RI WKHPDQXIDFWXUHU+RZHYHU WKH RSWLPL]DWLRQV LQPRGHO  OHG WR DQ
RYHUDOO UHGXFWLRQRIHQYLURQPHQWDO LPSDFWVE\%\ LQFOXGLQJFRVWDVSHFWV LQ WKHDQDO\VLV LWZDV
VKRZQWKDWWKHRSWLPL]DWLRQVLQPRGHOZRXOGDOVRKDYHHFRQRPLFEHQHILWVIRUWKHPDQXIDFWXUHU
:KHQSUHVHQWHGZLWKWKHUHVXOWVRIWKLVFDVHVWXG\WKHFRPSDQ\GHFLGHGWRLQWURGXFHDQXQSDLQWHG
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WHQGV WR RYHUVLPSOLI\ WKH VXVWDLQDELOLW\ LPSDFWV RIPDQXIDFWXULQJGHFLVLRQV DQG FDQEH GLIILFXOW IRU
VPDOOHUFRPSDQLHVWRDFWXDOO\LPSOHPHQWZLWKWKHLUOLPLWHGUHVRXUFHV
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